ABSTRACT Background: Growth patterns of breastfed and formula-fed infants may differ, with formula-fed infants growing more rapidly than breastfed infants into childhood and adulthood. Objectives: Our objectives were to identify growth patterns and investigate early nutritional programming potential on growth patterns at 6 y and on body composition at 20 y. Design: The West Australian Pregnancy Cohort (Raine) Study and 3 European cohort studies (European Childhood Obesity Trial, Norwegian Human Milk Study, and Prevention of Coeliac Disease) that collaborate in the European Union-funded Early Nutrition project combined, harmonized, and pooled data on full breastfeeding, anthropometry, and body composition. Latent growth mixture modeling was applied to identify growth patterns among the 6708 individual growth trajectories. The association of full breastfeeding for ,3 mo compared with $3 mo with the identified trajectory classes was assessed by logistic regression. Differences in body composition at 20 y among the identified trajectory classes were tested by analysis of variance. Results: Three body mass index (BMI; in kg/m 2 ) trajectory patterns were identified and labeled as follows-class 1: persistent, accelerating, rapid growth (5%); class 2: early, nonpersistent, rapid growth (40%); and class 3: normative growth (55%). A shorter duration of full breastfeeding for ,3 mo was associated with being in rapidgrowth class 1 (OR: 2.66; 95% CI: 1.48, 4.79) and class 2 (OR: 1.96; 95% CI: 1.51, 2.55) rather than the normative-growth class 3 after adjustment for covariates. Both rapid-growth classes showed significant associations with body composition at 20 y (P , 0.0001). Conclusions: Full breastfeeding for ,3 mo compared with $3 mo may be associated with rapid growth in early childhood and body composition in young adulthood. Rapid-growth patterns in early childhood could be a mediating link between infant feeding and long-term obesity risk.
INTRODUCTION
Evidence demonstrates that early nutrition and lifestyle have long-lasting effects on later health and risk of disease (known as "programming") (1) . The most convincing body of evidence is for obesity and its associated disorders, such as hypertension, type 2 diabetes, nonalcoholic fatty liver disease, and cardiovascular disease (2, 3) . Population-based surveys (4) show that metabolic risk factors are increasingly prevalent among children and adolescents and progress into adulthood largely as a consequence and reflection of the already-existing obesity epidemic (5) .
One explanation for why early nutrition programs obesity and its comorbidities is "the accelerated postnatal weight gain hypothesis" (1, 6) . This hypothesis states that formula feeding increases fat mass (FM) in infancy, and compared with the body composition of breastfed infants, formula-fed infants have more FM at 12 mo of age (7) . Systematic reviews show that breastfeeding compared with formula feeding is associated with reduced obesity risk in later life (8) (9) (10) (11) (12) , although a quantitative review reported no association between breastfeeding and BMI (in kg/m 2 ) once adjustment was made for confounding factors (13) . Furthermore, a cluster-randomized controlled trial (RCT) to investigate breastfeeding promotion in Belarus found that although the intervention improved breastfeeding rates it did not prevent overweight or obesity at 11.5 y of age (14) .
As part of the European Union-funded Early Nutrition project (http://www.project-earlynutrition.eu) we investigated the role of early infant feeding on offspring growth trajectory classes and long-term obesity risk in RAINE [the Western Australian Pregnancy Cohort (Raine) Study] (15) . In the present study we included 3 additional European multicenter cohort studies to determine the following: 1) whether there are groups of children with substantially different types of BMI trajectory classes within the first 6 y of life; 2) whether full breastfeeding for ,3 mo compared with full breastfeeding for $3 mo is associated with an excess-weight-related rapid-growth trajectory class during childhood; and 3) whether any differences in body composition between trajectory classes continue into young adulthood (age 20 y).
METHODS
Four contemporary cohort studies formed the basis of this study, RAINE, CHOP (the European Childhood Obesity Prevention trial), HUMIS (the Norwegian Human Milk Study), and PreventCD (the Prevent Coeliac Disease study). Inclusion criteria were anthropometric measurements of weight and length at birth with $1 anthropometric follow-up in the first 6 y of life for any of the potential 12 semi-annual follow-up measurements and age at each measurement for both weight and height. The anthropometric measurements of a child whose clinical examination was within 63 mo of the designated measurement date and whose WHO BMI standardized (BMI-SDS) was within the plausible range of 65 SDs were eligible (16, 17) . These inclusion criteria resulted in a final pooled sample size of 6708 children at birth (RAINE, n = 2440; CHOP, n = 1193; HUMIS, n = 2230; PreventCD, n = 845). A flowchart of the selection of analyzed study populations at birth for the 4 pooled cohorts is given in Figure 1 . Each study is described in brief below.
Description of each cohort study design

RAINE
RAINE is a pregnancy cohort with prospective follow-up data to 20 y. Details on the study design, data collection, and measurement procedures have been published previously (19) (20) (21) . In brief, 2900 pregnant women were recruited at 18 wk of gestation between May 1989 and November 1991 in antenatal and private clinics in Perth, Western Australia, and its surroundings, and 2868 live offspring were available for follow-up from birth. Pregnancy-related maternal data (e.g., prepregnancy usual weight and measured height, education, age at conception, smoking during pregnancy) were collected at enrollment. Detailed data on infant nutrition (feeding type, duration of full breastfeeding and any breastfeeding), birth characteristics (gestational age, birth weight), anthropometric measurements (weight, height), and body composition [e.g., tricep and subscapular skinfold measurements at 6 and 20 y and FM as measured by dual-energy X-ray absorptiometry (DXA) at 20 y] were collected by physical examination at clinical assessments. The ethics committees of King Edward Memorial and Princess Margaret Hospitals in Perth, Western Australia, and the Human Research Ethics Committee from the University of Western Australia approved the protocol for the study. The parent or guardian of each child provided written consent for the child's participation, and the children provided their own consent from 17 y of age. . This is a free access article, distributed under terms (http://www. nutrition.org/publications/guidelines-and-policies/license/) that permit unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. This article does not necessarily reflect the views of the Commission of the European Communities or anticipate future policy in this area.
Four cohort studies were included in the analysis of this article. Two of these studies were randomized controlled trials. The European Childhood Obesity Prevention trial is an ongoing multicenter, double-blind, randomized clinical trial (registered at clinicaltrials.gov as NCT00338689). The PreventCD Study is an ongoing multicenter, double-blind, randomized, placebocontrolled dietary intervention study (registered at www.trialregister.nl: no. ISRCTN74582487). The other 2 studies were population pregnancy cohort studies: the West Australian Pregnancy Cohort (Raine) Study and the Norwegian Human Milk Study. Neither is registered on any listed public trial registry because both commenced before 1 July 2008.
Supplemental Tables 1-6 , Supplemental Methods, and Supplemental Figures 1-7 are available from the "Online Supporting Material" link in the online posting of the article and from the same link in the online table of contents at http://ajcn.nutrition.org.
PR and WHO contributed equally and should both be considered as first author.
CHOP
CHOP is an ongoing multicenter, double-blind, randomized clinical trial (registered at clinicaltrials.gov as NCT00338689) in 5 European countries (Belgium, Germany, Italy, Poland, Spain). The aim of CHOP is to investigate the effects of higher-and lower-proteincontent formula on growth and development including a fully breastfed observational group of healthy infants born between October 2002 and July 2004 (n = 1678) (22, 23) . In CHOP, detailed data on infant characteristics (gestational age, birth weight) and infant feeding were collected by diet records, and children were followed up from birth semi-annually (except at 1.5 y) with anthropometric measurements (weight, height) taken until 6 y of age. Skinfolds were measured at every visit throughout the entire study. At 6 y, skinfold measurements (triceps, subscapular) with the use of Holtain skinfold calipers (Holtain) and FM and other body-composition data measured by Bio-Impedance Analysis (Tanita BC 418; Tanita Europe) were collected and published (23 
HUMIS
HUMIS is a multicenter birth-cohort of mothers (n = 2600) in Norway, which was established (in 2002 and followed to 2009) to study the relation between human milk composition of nutrients as well as xenobiotics, in relation to child health including obesity (24, 25) . Information was obtained semi-annually by maternal transcripts from children's health cards recorded by child health nurses. Data were collected on maternal age, education, prepregnancy weight and height (for prepregnancy BMI), parity, smoking habits, and living conditions in addition to infant sex, birth weight, gestational age, and semi-annual measurements of length or height and weight to 6 y and the duration of full and any breastfeeding. The subset used in this study was the 2230 motherchild pairs with available measured data on weight and length after birth. The research protocol for this study was approved by the Norwegian Data Inspectorate and the Regional Ethics Committee for Medical Research. All women signed an approved consent before they enrolled in the study.
PreventCD
PreventCD is an ongoing multicenter, randomized, doubleblind, placebo-controlled dietary intervention study (registered at www.trialregister.nl: number ISRCTN74582487). The study includes 944 children from 8 countries (Croatia, Germany, Hungary, Israel, Italy, Netherlands, Poland, and Spain) born between 2007 and 2013 who were positive for human leukocyte antigens DQ2 or DQ8 and had $1 first-degree relative with celiac disease (CD) (18) . From 16 to 24 wk of postnatal age, 475 participants received 100 mg immunologically active gluten/d, 469 received placebo, and breastfeeding was encouraged for all participants. Specific CD antibodies were periodically measured. Weight and length or height were measured at birth, every month during the first 6 mo of life, every 3 mo thereafter until the age of 3 y, and annually thereafter until age 6 y by a research nurse, providing 845 infants whose complete data were available for inclusion and analyses. The primary outcome of PreventCD was the frequency of biopsy-confirmed CD at 3 y of age. Infant feeding (full breastfeeding and formula feeding) was recorded every month during the first 3 y of life by using standardized FIGURE 1 Flowchart of the selection of the analyzed study population at birth for the 4 pooled cohorts (n = 6708).
1 Only randomized arm of the PreventCD study, see Figure 1 in the study by Vriezinga et al. (18) . 2 The size of the analyzed study population at follow-ups can be seen in Figure 2 and for each cohort separately in Supplemental questionnaires. The study was approved by the medical ethics committee at each participating center and complied with Good Clinical Practice guidelines. The authors verify completeness of the data, and analyses reported and adherence to the study protocol.
Measurements harmonized across the 4 cohorts
Outcome definitions BMI-SDS over the first 6 y of life were the basis of estimation and identification of subgroups of common growth patterns. Growth patterns were identified from birth to 6 y with #13 semiannual anthropometric measurements of BMI. A detailed listing of each measurement occasion with the number of observations, as means 6 SDs for each cohort included in the analyses, is given in Supplemental Table 1 . We termed the growth patterns "trajectory classes" because they are a pattern of trajectory and not an individual trajectory. BMI values were based on measurement of weight to the nearest 100 g (or less depending on age and scales) and length or height to the nearest millimeter by using calibrated balances and stadiometers according to the specific standard operating procedures in all study cohorts. BMI values were transformed to BMI-SDS by the Lambda Mu Sigma method by using the WHO child growth standards for children under 1856 d of age and the WHO growth references for school aged children and adolescents thereafter (16, 17) .
Only the anthropometric data of children in the range of 63 mo of each follow-up after birth were included in the analysis population in addition to weight and height measurement at birth to allow growth-profile estimation at comparable measurement time points and a meaningful graphical illustration of the identified BMI-trajectory patterns. Individual trajectories are classified by the latent growth curve model to have the highest probability for assignment to a specific trajectory class.
Body composition at 20 y
Triceps and subscapular skinfolds were measured by trained health personnel to the nearest millimeter with calibrated Holtain calipers (Holtain) at 6 and 20 y in the RAINE cohort and 3 times to the closest 0.2 mm in CHOP. At 20 y measurements of body composition were available for the RAINE cohort only. Absolute skinfold measurements were standardized to US population-derived age-and sex-specific reference values according to US reference values for children and young adults (26) . In addition, FM in kilograms and FM index (FMI) [FMI = FM (kg)/height (m 2 )] were determined in RAINE at 20 y by whole-body DXA scanning (Norland XR-36 densitometer; Norland Medical Systems Inc.).
Main variable of interest, full breastfeeding
Full breastfeeding is the correct definition for our study (27) and is defined as "breastfeeding but water and tea without sugar are allowed and includes exclusive and almost exclusive breastfeeding." Exclusive breastfeeding is defined as no other liquid or solid from any other source entering the infant's mouth, and almost-exclusive breastfeeding allows occasional tastes of other liquids, traditional foods, vitamins, and medicines. All 4 cohorts of our study recorded data on the age that milk other than breast milk was introduced and the age at which any breastfeeding was stopped. These data provided a prospectively collected measurement of infant feeding as a continuous variable in months across the 6708 infants included in the study. All 4 cohorts recorded data on feeding in detail until 3 completed months of life. Detailed breastfeeding information for the whole CHOP cohort was available until age 3 mo only, thus fully breastfed children from all studies were combined into one dataset, and our predictor of interest, full breastfeeding, was labeled as full breastfeeding for ,3 mo compared with full breastfeeding for $3 mo.
Furthermore, we analyzed the association of never compared with any breastfeeding and the association of breastfeeding duration as a continuous variable in months (#3 mo and beyond).
Other covariates
We ascertained demographic information and maternal factors including usual maternal prepregnancy weight from questionnaires. In addition, maternal height was measured at the first clinic visit in all studies, and maternal prepregnancy BMI was derived from these data. Maternal education, assessed from years of schooling and dichotomized as ,12 y compared with $12 y, was used as a proxy for socioeconomic status. Maternal smoking during pregnancy was determined from a questionnaire completed by the mother. Comprehensive medical and obstetric data were obtained at recruitment or from medical records. Infant birth weight (grams), length (centimeters), and gestational age (days) were obtained from medical notes. Gestational age was recoded in weeks and maternal age at delivery in years. These data were available from RAINE, CHOP, and HUMIS. PreventCD contributed data on maternal age at delivery and retrospectively assessed prepregnancy data on a subset only. In addition, adjustment for each of the study cohorts was tested in all models.
Statistical analysis
Data management, descriptive statistics, and comparison of basic characteristics between the 4 cohorts by ANOVA or logistic regression for continuous and dichotomized variables, respectively, were conducted by using the statistical software SAS 9.3 (28) . A detailed description of the analytic strategy and statistical models is provided in the Supplemental Methods. In brief, potential antecedents and consequences of BMI-SDS growth patterns derived from individual longitudinal BMI-SDS trajectories over the first 6 y of life were estimated from the observed individual BMI-SDS values in the pooled sample by latent growth mixture modeling (LGMM) (29) . A longitudinal change model was assumed where each growth pattern was characterized by random intercept and linear, quadratic, and cubic terms by age. The required number of BMI trajectory classes was identified by 2 test statistics: the adjusted LoMendell-Rubin likelihood ratio test and the sample-sizeadjusted Bayes Information Criterion.
The estimated trajectory classes were related to antecedents (e.g., full breastfeeding) or distal outcomes (e.g., FM at 20 y) by 3-step LGMM (30) (31) (32) (33) (34) (35) . Dependent on the outcome's scale, LGMM was combined with either multinomial logistic regression or ANOVA, respectively. For the covariate LGMM model the classification-error-corrected modified 3-step procedure modal maximum likelihood was applied to avoid potential distortion of the measurement model of the trajectory classes by including the covariate of interest in the estimation and to correct for classification bias. This 3-step LGMM model was described previously by Vermunt (30) and Asparouhov and Muthén (31) and is implemented in Mplus (www.statmodel. com) (32) as the R3STEP option of the auxiliary model of the covariate of interest.
The distal outcome from LGMM for the measurements of body composition at 20 y was estimated with the modified BCH approach [named after Bolck, Croon, and Hagenaars (33), who developed the method for correcting the 3-step approach] according to Bakk and Vermunt (34) . BCH is a 3-step approach that aims to avoid classification and measurement bias of the assigned class as well as potential changes in the estimated trajectory classes when these are used as a factor variable in ANOVA to assess differences in continuous distal outcome (such as FM). The modified BCH approach is implemented in Mplus as the BCH option of the auxiliary model containing the distal outcome of interest (35) .
A schematic illustration of the LGMM models and 3-step approaches to assess the associations of covariates with the identified trajectory classes or differences in a distal outcome between classes is depicted in Supplemental Figures 1-3 , which are accompanied by partly annotated Mplus syntax examples for both the applied R3step covariate model and the BCH distal outcome model (see Supplemental Methods, "Mplus syntax to estimate Model 1" and "Mplus syntax to estimate LGMM distal outcome model").
Statistical and substantial significance of associations of covariates with trajectory classes in LGMM models were evaluated by ORs with 95% CIs. Differences in distal outcome LGMM models between different trajectory classes were assessed by the equality of means tests of distal outcomes across classes and related P values as described in detail in the Supplemental Methods. Correction for multiple comparison was accounted for by multiplying uncorrected P values by 3, the number of comparisons between classes. Sex was not included in any LGMM because WHO standardized BMI-SDS scores are standardized to age-and sex-specific "ideal growth" (17, 36) .
RESULTS
Characteristics of the 4 cohorts RAINE, CHOP, HUMIS, and PreventCD are shown in Table 1 . Some differences between the cohorts were observed for all characteristics. However, because a pooled longitudinal analysis resulting in a large sample size was performed, heterogeneity of study characteristics was accounted for by adjustment for cohorts. Anthropometric measures from birth to 6 y for participants of all 4 cohorts are presented in Table 2 . Absolute and standardized BMI according to the WHO child growth standards, as well as the percentage of overweight and obese children (BMI-SDS $1.28 = 90th and BMI-SDS $1.88 = 97th percentile) were listed only at annual follow-up intervals for reasons of clarity. The complete data with all included 13 semi-annual anthropometric measurements are shown in Supplemental Table 1 .
The most striking difference between the cohorts was the substantially higher BMI-SDS values for the RAINE and the HUMIS cohorts compared with the CHOP and PreventCD cohorts at birth. Descriptive data on the available measurements of body composition at 20 y in the RAINE study only are shown in Supplemental Table 2 . Figure 2 displays the BMI-SDS trajectory classes identified by LGMM independent of covariates. The fractions of infants estimated to be in each BMI-SDS growth trajectory class are listed within the figure and are calculated according to posterior probabilities. The size in each class is listed in the figure legend. For LGMM estimates defining latent growth factors and respective test statistics to justify selection of the 3-trajectory-class model see Supplemental Tables 3 and 4 , respectively. The estimated growth trajectory class 3, termed "normative growth," comprised 55% of child BMI-SDS values and was estimated as 0.02 at birth. Trajectory class 3 did not substantially deviate from a flat line around the BMI-SDS growth standard value of 0, indicating an ideal BMI development according to WHO child growth standards (16, 17) .
The BMI-SDS trajectory class 2, termed "early, nonpersistent, rapid growth," comprised 40% of infants. At birth, this trajectory class was below ideal growth standards and gained w1 BMI-SDS unit within the first 2 y of life (BMI-SDS = 1.05). This trajectory class 2 leveled over time to less than half an SD above the normative trajectory class until 6 y (BMI-SDS = 0.42).
The BMI-SDS growth trajectory class 1, termed "persistent, accelerating, rapid growth," comprises 5% of infants. This trajectory class was characterized by accelerating and persistent rapid gain in BMI above ideal growth standards over the first 6 y of life (BMI-SDS = 0.09 at birth, BMI-SDS = 2.80 at 6 y).
Main results
The ORs of the covariate models shown in Table 3 reveal that full breastfeeding for ,3 mo compared with full breastfeeding for $3 mo was associated with the type of BMI-SDS growth trajectory class a child was most likely assigned to. Compared with normative growth, infants fully breastfed for ,3 mo compared with infants fully breastfed for $3 mo showed either 4.58-fold increased odds of developing the persistent, accelerating, rapidtrajectory class 1 or 1.87-fold increased odds of developing the early, nonpersistent, rapid-trajectory class 2 before adjustment for all covariates other than gestational age and birth weight (model 1). The fully adjusted models (adjusted for gestational age, birth weight, maternal age at delivery, maternal prepregnancy BMI, maternal education, and maternal smoking during pregnancy) showed significantly increased odds for full breastfeeding of ,3 mo compared with $3 mo with both rapid-growth trajectory classes 1 (OR: 2.66; 95% CI 1.48, 4.79) and 2 (OR: 1.96; 95% CI 1.51, 2.55) compared with normative growth. We observed that the association of breastfeeding for ,3 mo compared with $3 mo with the persistent, accelerating, rapid-growth trajectory class 1 shown in Table 3 , model 2 with full adjustment (OR: 2.66; 95% CI: 1.48, 479), was attenuated after additional adjustment for the individual study cohorts (OR: 1.49; 95% CI: 0.85, 2.62). The equivalent class 2 model remained significant (OR: 1.76; 95% CI: 1.33, 2.32). Equivalent associations for model 1 adjusted for the study cohorts, gestational age, and birth weight were significant for both rapid-growth classes: class 1 (OR: 2.21; 95% CI: 1.36, 3.59) and class 2 (OR: 1.68; 95% CI: 1.33, 2.12). The respective associations for pooled analyses leaving out each cohort one at a time are in the same direction of effect (Supplemental Tables 5 and 6) .
Further, because our breastfeeding group of ,3 mo included those never breastfed, we tested the never-breastfed group compared with the ever-breastfed group and breastfeeding in months INFANT FEEDING, GROWTH PATTERNS, AND FAT MASS Sample size n in each cohort was restricted to those participants who fulfilled the inclusion criteria of this study as described in the Methods. Briefly, the population analyzed comprises those infants with $1 follow-up after birth within the first 6 y of life, valid BMI-standardized anthropometric measurements at age 63 mo of semi-annual measurements, and information on sex. 3 Percentage; 95% CI in parentheses (all such values). 4 Mean 6 SD (all such values). 5 High education of the mother was defined as $12 y of schooling. 6 Smoking in pregnancy was defined as any maternal smoking during pregnancy reported by the mother. Although never breastfeeding was not significantly associated with the early, nonpersistent trajectory, full breastfeeding per each additional month until 3 mo was inversely associated with the persistent, accelerating, rapid-growth trajectory class 1 (OR: 0.83; 95% CI: 0.77, 0.91) and with nonpersistent, rapid-growth trajectory class 2 (OR: 0.94; 95% CI: 0.92, 0.97) after adjustment for gestational age, birth weight, maternal age at delivery, maternal prepregnancy BMI, maternal education, and maternal smoking during pregnancy. These results equate to a reduced risk against being in the persistent, accelerating, rapid-growth trajectory class 1 of 17%/mo and in the nonpersistent, rapid-growth trajectory class 2 of 6%/mo for each additional month of breastfeeding.
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All covariate associations with the trajectory classes were significant other than for gestational age, birth weight, and maternal age at delivery. Maternal education was positively associated with the persistent, rapid, accelerating trajectory (OR: 3.12; 95% CI: 1.62, 6.03) but not the early, nonpersistent, rapidgrowth trajectory. A 1-unit (kg/m 2 ) increase in maternal prepregnancy BMI or maternal smoking during pregnancy increased the odds of a child developing either rapid-growth pattern (trajectory classes 1 and 2) compared with a normative-growth pattern (trajectory class 3).
Body composition at 20 y and growth trajectory classes
Children who had a higher probability of being in either rapid-trajectory class had higher absolute BMI, skinfold, absolute FM and FMI values at 20 y compared with children with a normative-trajectory class ( Table 4) . For each measurement of body composition, estimated means were highest for children with persistent, accelerating, rapid growth; lower for early, nonpersistent, rapid growth; and lowest for normative growth. Other than for the distal outcome of tricep skinfolds at 20 y, all differences in means across the 3 groups of trajectory classes were significantly different, suggesting trajectory-specific relations with body composition of children. This was true after Bonferroni correction for multiple comparisons, other than for FMI, for the mean difference between classes 1 and 3 and between classes 2 and 3 and for FM for the differences between classes 2 and 3. These data show that trajectory classes persist and that the more extreme the growth trajectory of a child over the first 6 y of life the more extreme the measures of body composition in young adulthood.
Heterogeneity
Heterogeneity regarding study characteristics between the 4 cohorts was addressed by repeating pooled analyses, leaving out each cohort one at a time. This reanalysis did not result in substantially different results (Supplemental Figures 4-7 and Supplemental Tables 5 and 6 ). Supplemental Table 5 presents results for models adjusting for gestational age and birth weight in addition to breastfeeding only and has valid values for all 4 cohorts. A further Supplemental Table 6 shows adjustment for all confounding factors in the original model.
Adjustment for individual study cohorts
We observed that the association of breastfeeding for ,3 mo compared with $3 mo with the persistent, accelerating, rapidgrowth trajectory class 1 shown in Table 3 , model 2 with full adjustment (OR: 2.66; 95% CI: 1.48, 479), was attenuated after additional adjustment for the individual study cohorts (OR: 1.49; 95% CI: 0.85, 2.62) by adding indicator-coded variables for the cohorts (reference category: CHOP study). The equivalent class Listed numbers give the valid number of BMI-SDS measurements at that age included in the latent growth mixture modeling analyses (N = 6708). Trajectory class 1: persistent, accelerating, rapid growth (n = 321); trajectory class 2: early, nonpersistent, rapid growth (n = 2669); trajectory class 3: normative growth (n = 3718). BMI-SDS, BMI standardized.
2 model remained significant (OR: 1.76; 95% CI: 1.33, 2.32). Equivalent associations for model 1 adjusted for the study cohorts, gestational age, and birth weight were significant for both rapid-growth classes: class 1 (OR: 2.21; 95% CI: 1.36, 3.59) and class 2 (OR: 1.68; 95% CI: 1.33, 2.12). The respective associations for pooled analyses, leaving out each cohort one at a time, are in a similar direction of effect (Supplemental Tables 5 and 6 ).
DISCUSSION
A short duration of full breastfeeding for ,3 mo, compared with a duration of $3 mo may be a risk for rapid-growth patterns in early childhood that persist into adulthood. Using pooled data from 4 contemporary cohort studies, RAINE, CHOP, HUMIS, and PreventCD that included 6708 participants, we showed that full breastfeeding for ,3 mo compared with full breastfeeding for $3 mo increased the odds for children in the first 6 y to be in a rapid-growth trajectory class rather than a normative-trajectory class. Both rapid-trajectory classes were associated with higher mean BMI values at 20 y. Moreover, the persistent, accelerating, rapid-growth trajectory class 1 was associated with higher measurements of all body size and body composition values (BMI, skinfold, FM, and FMI) than the normative class 3. This was also true for the contrast between class 1 and class 2 except for FMI. The early, nonpersistent, rapid-trajectory class 2 also showed significantly higher measurements at age 20 in most body composition values compared with the normative-growth class 3.
Our results suggest that full breastfeeding for ,3 mo compared with $3 mo may not be of long enough duration and that introducing infants to formula milk before 3 mo of age instead of full breastfeeding was significantly associated with increased odds of rapid growth. A WHO global strategy for infant and young-child feeding recommended that infants should be exclusively breastfed from birth until 6 mo of age followed by breastfeeding #2 y (37). Our results lend support to this recommendation that infants are fully breastfed for .3 mo for possible protection from rapid growth (8) .
Three comprehensive meta-analyses conducted over more than a decade have examined breastfeeding and the risk of obesity. One meta-analysis (12) found that breastfeeding provides dose-dependent protection against childhood obesity (OR: 0.78; 95% CI: 0.71, 0.85). Another meta-analysis (11) showed a dose-response relation with increased breastfeeding related to decreased overweight later in life. When restricted to full breastfeeding, each additional month of full breastfeeding reduced the risk of overweight by 6%/mo (11), suggesting that exclusivity of breastfeeding is central to the mechanism of protection (38, 39) . Owen et al. (9) concluded that breastfeeding reduces obesity risk compared with formula feeding (OR: 0.87; 95% CI: 0.85, 0.89). However, Owen et al. subsequently published an additional review focusing on mean BMI and found controlling for confounding significantly attenuated the association between a shorter duration of breastfeeding and higher BMI. Owen et al. (9) showed that the mean BMI was lower among breastfed infants, but the difference was small and was eradicated once socioeconomic status, maternal smoking, and maternal BMI were added to fixed-effect models. Furthermore, the large RCT from Belarus (14) found no association between breastfeeding and instrumental variable analyses in intention-totreat, observational, and instrumental variable analyses. More recently a Chinese study found no association between breastfeeding and BMI, although the data on breastfeeding duration in the Chinese study were collected retrospectively (40) . Further, a Dutch study showed that overweight infants would become overweight children regardless of feeding method (41) . Nevertheless, a German study found that breastfed infants were less overweight later in childhood after adjusting for social class and lifestyle (23, 42) . Another study from the Netherlands (43) reported that exclusive breastfeeding had a protective doseresponse effect on measures of body FM and visceral FM (BMI, waist circumference, and waist-hip ratio), and a much smaller prospective RCT of preterm infants supports a possible causal link between breast-milk feeding and lipoprotein profile later in life (44) .
Mechanisms
Plausible mechanisms for the development of adiposity during a sensitive, early window of nutritional exposure include permanent structural changes, such as decreased b cell mass, accelerated cellular aging, telomere shortening with cell division and oxidative damage, and epigenetic programming changes from transcription to protein translation (39, 45) . Our results 1 Differences among body composition measures at 20 y between the 3 trajectory classes are assessed by the BCH distal outcome model from RAINE only. However, assignment of a trajectory class within RAINE is based on the LGMM model with all 4 cohorts without covariates (n = 6708). BCH, method for estimating distal outcome from latent growth mixture modeling developed by Bolck, Croon, and Hagenaars; BMI-SDS, BMI standardized; C, class;
LGMM, latent growth mixture modeling; RAINE, Western Australian Pregnancy Cohort (Raine) Study. 2 Listed numbers are the available numbers within each of the assigned classes for the respective distal outcome. 3 Means are estimated by the modified BCH 3-step procedure for LGMM with distal outcomes described in (34) and implemented in Mplus with the BCH option for the distal outcome (34) . Essentially the respective distal outcome is used as the outcome in an ANOVA with growth trajectory class as the factor. However, the estimates are classification-error corrected (for details, see Methods and Online Supplemental Material). Differences of the estimated means reported here are tested by a 2-df equality of means across classes test. This test is an overall chi-square test described in detail at http://statmodel.com/ download/meantest2.pdf. 4 P values are from the equality of means test across trajectory classes (C1 or C2 compared with C3, or C1 or C3 compared with C2). Corrected P values are adjusted for multiple comparisons according to Bonferroni correction by multiplying the uncorrected P value by 3, the number of comparisons between classes.
suggest that the earliest months of life (,3 mo of cumulative breastfeeding) are a crucial time period during postnatal growth in the development of adipose tissue (38, 46, 47) . It is possible that the number and size of adipocytes increases with formula feeding. Adipocytes release adipokines, such as leptin and adiponectin (48) , into the circulation, contributing to a subinflammatory state that may play a central role in the development of metabolic risk associated with obesity (49, 50) . Breastfed infants absorb less energy per volume than formula-fed infants and receive modifying growth factors. An important difference appears to be in the protein content and presence of hormones, growth factors, and bioactive factors in breast milk and not formula milk (51) that may inhibit adipocyte differentiation (52, 53) .
Evidence points to the early introduction of formula milk as a possible "risk" for adiposity (54) , the theory being that a highnutrient diet (high protein intake from formula milk) in infancy could adversely program the cardiometabolic system by promoting rapid growth acceleration (upward centile crossing) (44, 55) . Early growth acceleration could program abnormal vascular biology associated with early cardiovascular disease. Therefore, infants who grow rapidly during infancy, or are at the highest end of the weight or BMI distribution, may be at increased risk of obesity (56) . Growth velocity may be a relevant influence in the pathway to obesity, as suggested for fetal programming of metabolic disease (57) with associations between protein intake, rapid growth velocity, and weight gain previously reported (23, 58, 59) .
The theory of reverse causation suggests that infants with flatter growth trajectories, and hence lower energy requirements, are satisfied with breastfeeding for a longer time period. In the Belarus study, infants born in hospitals and followed up at clinics that were randomly assigned to a breastfeeding-promotion intervention had faster weight gains in the first 3 mo and were no different in weight or other measurements from the control group at 12 mo (60). Hence, rapid growth in the first few months of life could lead to an elevated risk of obesity in breastfed as well as formula-fed infants, although breastfeeding generally promotes slower growth, and obesity is less likely in breastfed infants. Support exists for the concept of nutrition programming in early infancy (61) . Feeding methods prime offspring dietary behaviors, possibly by influencing the development of the hypothalamus, which occurs throughout gestation and into the postnatal period (62), with breastfed infants exhibiting better appetite control than bottle-fed infants (63) .
Strengths and limitations
Our study has a number of strengths. These include the use of 4 prospective pregnancy and birth cohorts, prospective measurement of full breastfeeding until $3 mo of age, anthropometric data collected by research nurses with #13 objective assessments over the first 6 y of life for 6708 children, and collection of maternal and family characteristics. Infant feeding data were collected close to the period of breastfeeding cessation, so the influence of the clearly defined concept of a short duration of ,3 mo of full breastfeeding on growth trajectories could be identified and observed. Moreover, data on body composition (FM) were available at 20 y (n = 1247) by DXA, enabling an indirect validation of the identified BMI-SDS-based trajectory classes estimated by LGMM. Availability of FM-related data allowed for an assessment of long-term body composition that was objective and precise and a study of its relation to rapidgrowth trajectory classes potentially induced by a shorter duration of full breastfeeding. The study applied a statistical model of LGMM with bias-adjustment and measurement correction of classification to identify trajectory classes and in turn their predictors and distal outcomes.
A possible limitation is that the cohorts included in our study may not be representative of the general population because of study design, inclusion criteria, or attrition during follow-up. However, according to a priori knowledge and alreadyperformed analysis, we have no indication of a lack of representativeness. Nevertheless, it cannot be completely ruled out that our findings may be affected by differences between the cohorts. Furthermore, the addition of general-and indicatorcoded variables specifically to logistic regression models can substantially reduce the power for observation of associations with the outcome, in particular when one of the outcome categories is of a small size as in our case with class 1 (5%).
Because this is an observational study, causal effects can only be implied. It therefore remains possible that unrecognized socioeconomic or lifestyle confounders or those that are underestimated could be contributing to our results. We could not adjust for all possible confounders in relation to obesity risk because of missing data, availability of data, or problems of harmonization between cohorts. Potentially relevant characteristics, such as paternal BMI, birth order, family income, or current physical activity, were either not available or not collected in a comparable way between cohorts. Another example is HUMIS, which is investigating persistent organic pollutants found in breast milk (64) , although these data were not available from the other 3 cohorts. The most important potential source of residual confounding could be unmeasured (and largely unmeasurable) differences in nutrition and physical activity throughout childhood associated with different infant feeding types. This source of confounding is a potent source of bias in all observational studies of infant feeding and adiposity, including in our study. Although systematic reviews point to a negative association with overweight and obesity (8) (9) (10) (11) (12) , some findings are still controversial (13, 14, 40, 41) . Our data from 4 multinational cohorts followed prospectively from birth to 6 and 20 y in one cohort provide an important and unprecedented contribution to the literature. This contribution brings us a step closer toward establishing a potential protective role of breastfeeding on rapid growth leading to obesity, while acknowledging our results are associations and this area of research has some contradictory findings. Moreover, as in all observational studies a caveat applies to our findings and conclusions: neither reverse causation nor residual confounding can be ruled out with certainty.
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